Patients living with advanced cancers who underwent the interprofessional prp experienced significant improvement in functioning across several domains. Program completion can be predicted by a normal level of C-reactive protein.
INTRODUCTION
Many patients who have undergone cancer treatment can be limited in their activities of daily life by the symptoms caused by their disease or its treatment 1, 2 . Cancer rehabilitation is a process that assists the individual's physical, social, psychological, and vocational functioning within their limits 1 . Posttreatment rehabilitation has been shown to improve physical symptoms (such as fatigue and physical endurance 3, 4 ) , nutritional symptoms (such as poor appetite, unintentional weight loss, and nutritional deterioration 5, 6 ), psychological symptoms (such as anxiety, depression, and nervousness 3, 7 ) , and overall quality of life 4 . Qualitatively, patients who had attended a cancer rehabilitation program stated that rehabilitation was an important stepping stone and that physical and psychosocial care had been an important combination in their recovery 8 . However, the above-mentioned benefits vary by disease stage 9 , and research in patients with incurable advanced disease (palliative care patients) is sparse 10 .
Our team and others have shown evidence of benefit for treatment of symptoms by disease site, such as gastrointestinal or head-and-neck 3, 5, 11 , colorectal 12 , prostate 13 , breast 14, 15 , and central nervous system sites 16 . There is also evidence for the successful treatment of symptoms by various professional disciplines, including occupational therapy 17 , physical therapy 18 , nursing 19 , social work 20 , and dietetics 21 .
ABSTRACT

Background
After treatment, patients with active cancer face a considerable burden from the effects of both the disease and its treatment. The Palliative Rehabilitation Program (prp) is designed to ameliorate disease effects and to improve the patient's functioning. The present study evaluated predictors of program completion and changes in functioning, symptoms, and well-being after the program.
Methods
The program received referrals for 173 patients who had finished anticancer therapy. Of those 173 patients, 116 with advanced cancer were eligible and enrolled in the 8-week interprofessional prp; 67 completed it. Measures of physical, nutritional, social, and psychological functioning were evaluated at entry to the program and at completion.
Results
Participants experienced significant improvements in physical performance ( p < 0.000), nutrition ( p = 0.001), symptom severity ( p = 0.005 to 0.001), symptom interference with functioning ( p = 0.003 to 0.001), fatigue ( p = 0.001), and physical endurance, mobility, and balance or function ( p = 0.001 to 0.001).
Reasons that participants did not complete the prp were disease progression, geographic inaccessibility, being too well (program not challenging enough), death, and personal or unknown reasons. A normal level of C-reactive protein (<10 mg/L, p = 0.029) was a predictor of program completion. However, a combined interprofessional approach remains rare.
Compared with standard oncology care alone, early palliative care is associated with improved mood and quality of life, fewer aggressive oncology treatments at end of life, and extended survival in patients with non-small-cell lung cancer 22 . The Ottawa Palliative Rehabilitation Program (prp) at Élisabeth Bruyère Hospital in Ottawa, Ontario, is a unique interprofessional program of palliative oncology rehabilitation. In accordance with the World Health Organization's definition of palliative care 23 , the goal of the prp team is to empower individuals who are experiencing loss of function, fatigue, malnutrition, psychological distress, or other symptoms as a result of cancer or its treatment. The program is designed to help patients with life-limiting disease, even though the disease is incurable, and to improve their quality of life by enhancing their overall health condition through exercise, good nutrition, individualized psychosocial care, and management of medical complications. It aims to keep people as active as possible in daily life for as long as possible. The clinical expertise of the 6 team members are combined to target each patient's specific problems by meticulously assessing individual needs so as to properly diagnose and treat their symptom burden 1, 3, 11, 17, 20, 24 .
The present exploratory study had the primary objective of estimating the effect of the prp on the physical, nutritional, social, and psychological functioning of patients with advanced cancer who have already completed anticancer treatment. The hypothesis was that patients who complete the prp will improve in the various domains of functioning. The secondary objective was to determine medical factors associated with program completion. The hypothesis was that completing the prp can be predicted by baseline medical variables [pulse, white blood cell (wbc) count, serum C-reactive protein (crp), and Eastern Cooperative Oncology Group (ecog) performance status (ps)].
METHODS
Study Participants
Patient referrals were received from health care professionals in the Ottawa region. Eligible patients were 18 years of age or older, with geographic accessibility, advanced disease, and an ecog ps of 3 or better or a Palliative Performance Scale of more than 50%. Enrolled patients had already completed anticancer treatment.
Patients had to be medically stable and motivated to participate in the nutritional and physical program. Symptoms such as pain, anxiety, depression, nausea, weight loss, fatigue, or weakness from the disease or its treatment had to be present and interfering with functioning in everyday life. Patients were considered ineligible if they had severe cognitive impairment that would interfere with participation or if they did not meet the defined criteria. Some exceptions were made for patients with localized disease who were allowed into the program. The latter patients were not included in the analysis. All patients signed an informed consent to participate. The study was approved by the local research ethics board.
Assessment and Intervention
Patients underwent a 3-hour initial assessment; they met with each member of the team (physiotherapist, occupational therapist, social worker, dietician, nurse, physician) individually for 30 minutes. Each clinician obtained baseline measures through self-report questionnaires (which the patient had received in the mail before the visit) and their own clinical measurements.
After the initial assessments, the team met to discuss whether patients were eligible for and could benefit from the program. If so, the team jointly formulated a tailor-made care plan for each patient. Plans included medical and nursing assessments, physical exercise, and occupational, dietary, and psychosocial interventions. Patients accepted into the 8-week program attended group exercise sessions at a gymnasium in the hospital twice weekly. The gym sessions each accommodated 4-5 patients, supervised by the physiotherapist. Before each gym session, patients were seen by other team members as required, according to need, or as requested by the patient. At the end of the prp, final assessments identical to the initial assessments were conducted by each team member. Patients were then discharged back to the referring or family physician and were connected to appropriate community resources. A discharge summary with recommendations for follow-up was provided to the referring and family physicians.
Outcome Measures
Several outcome measures were used, including 8 self-report questionnaires and several standardized clinical assessments performed by team members. The outcome measures were completed at the beginning of the prp (baseline) and again at completion of the 8-week program (end).
2.3.1
Self-Report Questionnaires The Edmonton Symptom Assessment System (esas) assesses the severity of 9 common symptoms experienced by cancer patients in palliative care. A higher score indicates worse severity of a given symptom 25 . Early during the study, patients in the prp completed the esas only at the beginning and end of the 8-week program; later, patients completed it at each visit. Because weekly completion did not apply to the full cohort of patients in the study, only the baseline and end esas scores were analyzed.
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The MD Anderson Symptom Index assesses interference in patient functioning in 6 domains: general activity, mood, work (including housework), relations with others, walking, and enjoyment of life. Higher sores indicate more interference 26 .
The Patient-Generated Subjective Global Assessment is a nutrition assessment tool, validated for clinical and research use with cancer patients. Higher scores indicate higher nutritional risk 27, 28 .
The Multidimensional Fatigue Inventory assesses 5 domains of fatigue: general, physical, mental, decreased motivation, and decreased activity 29 . Higher scores indicate greater fatigue.
2.3.2
Physiotherapy Measures The physiotherapy assessments of the patients included the Berg Balance Scale 30 , the Functional Reach Test (balance and function) 31 , the Timed Up and Go (mobility) 32 , a grip test (muscle strength) 33 , and the Six Minute Walk Test (endurance) 30, 31 .
Nurse and Physician
Patients underwent a full clinical examination, with recording of their ecog ps, an objective measure of functional ability (0 = no functional limitations; 4 = confined to bed 34 ).
2.3.4
Laboratory Tests Blood tests were performed as part of usual clinical care and included full blood count, electrolytes, serum C-reactive protein (crp), serum albumin, thyroid-stimulating hormone, glucose, and lactate dehydrogenase.
Statistical Analysis
Analyses were performed using the SPSS software application (version 20: SPSS, Chicago, IL, U.S.A.). Descriptive statistics were used for patient characteristics, grouped according to whether they started and completed the program. Inferential statistics were used to assess changes from baseline to prp end and to examine baseline medical variables that might predict prp completion. Pre-post changes were analyzed using paired-sample t-tests unless the distribution of the difference scores was not normal (3 standard deviations or more for skewness or kurtosis), in which case a Wilcoxon signed-rank test was used. Missing values were excluded case-wise. Because of the number of pre-post tests, a p value of 0.005 or less was used to determine statistical significance. The Cohen d effect size was used to assess the magnitude of the differences in pre-post measurements unless the distribution was not normal. In such cases, the formula effect size = Z / √N was used. Medical differences between groups were analyzed using a backward-selection Wald logistic regression. The variables included were crp and wbc count measured in the blood tests, pulse as assessed by the nurse, and ecog ps as assessed by the nurse and physician. Serum crp was dichotomized as either normal (<10 mg/L) or elevated (≥10 mg/L) because of a positively skewed distribution and for clinical utility.
RESULTS
Of 173 patients who underwent the initial assessment, 171 were accepted into the program (Figure 1) . Of the 171 patients accepted, 55 were excluded from the analysis: 16 had localized disease, 5 patients were still in the program at the time of the analysis, and 34 patients were accepted into the program but did not start it ("non-starters"). Figure 1 shows the reasons that patients could not start the program. Of the remaining 116 patients, 67 (57.8%) completed the 8-week program, and 49 (42.2%) started the program but did not complete it. Figure 1 lists the reasons that patients did not complete the program. Table i presents baseline characteristics for the patients who did and did not complete the program.
In a comparison of baseline and end data (Table ii) for patients who completed the 8 weeks of the program, significant improvements (with moderate to large effect sizes) were noted across a number of domains. Those domains included ecog ps (p < 0. Patients were more likely to finish the program if their crp level was normal than if it was elevated [Wald statistic (1) = 4.78; p = 0.029; relative risk: 1.52; 95% confidence interval: 0.99 to 2.34]. The ecog ps, pulse, and wbc count were not significant predictors of program completion ( Table iii) . Because of missing biology data, 23 patients (8 completers, 15 non-completers) were excluded from the regression.
DISCUSSION
Patients in our study who had advanced cancer and who completed the multimodal interprofessional prp demonstrated a wide range of improvements. Moderate-to-large effects (defined by an effect size of 0.5 or greater) were observed in ecog ps, endurance, mobility, general fatigue, and physical fatigue. Small-to-moderate improvements (defined by an effect size between 0.2 and 0.5) were observed in nutrition status; symptom interference in mood, enjoyment, general activity, and work; decreased activity; balance and function; and several symptoms. Some measures that did not meet statistical significance-such as severity of drowsiness and appetite symptoms, interference in relationships and walking, decreased motivation, Berg Balance Scale, and grip strength-still demonstrated moderate improvement. Nonsignificant results with small effect size (d < 0.2) were observed for the severity of two symptoms (shortness of breath and pain) and for mental fatigue. It is important to note that patients did not experience worsening symptoms in any of the domains. Overall, our findings suggest that patients with life-limiting cancers who have undergone an interprofessional patient-centered prp experienced improvements in many domains.
The improvements found in the current study are important because they contrast with the usual pattern seen in patients living with advanced cancer and other chronic illnesses 35 . Typically, such patients have a steady burden of symptoms until the final weeks before death, at which point symptoms drastically worsen. In contrast, the results of the current research demonstrate that patients can experience many improvements. Given the contrast with the existing literature, we posit that palliative rehabilitation is a beneficial application of early palliative care. Early palliative care has been cited as a necessary next step in the advancement of care for patients living with cancer, possibly even in conjunction with active treatment 36 . In addition to direct interdisciplinary intervention, the prp strives to foster additional sources of healing, such as social support. Social support has been found to help patients adjust to illness, to increase adherence to treatment, and to have beneficial effects on well-being, stress, and immunity [37] [38] [39] . During the prp, patients are encouraged to bring their caregivers to the gym sessions. The patients also bond and form friendships with their peers during the exercise sessions, and they receive support from the prp team. All of the those contacts might improve motivation by providing friendship, solidarity, and a sense of belonging and might help patients bypass the initial barriers of undertaking an exercise program (for example, lacking motivation, feeling deconditioned, or having difficulty incorporating a regular exercise routine) 40 . Normal serum crp was found to be a significant biologic predictor of program completion. That finding was expected, because elevated crp (alone or coupled with an elevated wbc count) has been identified as an ominous indicator of shortened survival 41 . In the present study, patients with normal levels of crp were 1.52 times more likely to complete the program than were patients with elevated levels of crp. Inflammation, as indicated by elevated crp, promotes incapacity and suffering; compared with patients having a normal crp, those with an elevated reading are likely to experience more rapid tumour progression 42 . Although the exercise and psychosocial components of our rehabilitation program might contribute to the reduction of crp levels [43] [44] [45] , patients with high serum crp might find it more difficult to complete the program because they are usually more ill.
Clinically, patients reported that they were 70%-100% satisfied with the program 46 . Complaints involved issues such as parking and a desire for follow-up sessions (although patients are referred to community resources for follow-up on prp completion). Patients did not complain about the length of the 3-hour interviews or the program structure in general. Given the current findings, we suggest several changes to the program, in a multipronged approach that might improve a chronic inflammatory state. Those changes might potentially increase the completion rate and perhaps generalize to functioning in overall life for the patients. From a nutrition perspective, the additional interventions could include an "antiinflammatory diet" with increased emphasis on branched-chain amino acids 47 , vitamin D supplementation as a regular feature 48 , and omega-3 fatty acid supplements 49 . From an exercise perspective, the changes would include modifications to our current balance of aerobic and resistance recommendations 4, 9, 50 . Consideration is also being given to making pharmaceutical adjustments to the program, including considering a nonsteroidal antiinflammatory drug for patients with high serum crp otherwise judged to be at low risk for adverse reactions to such drugs. Although support in the literature for the use of nonsteroidal antiinflammatory drugs is generally positive, more research is necessary to support the efficacy of that approach 51 .
The major limitation of the current study is the limited availability of potential methodologic designs for this patient group. Although the results appear promising compared with those in the existing literature 35 , we cannot say with certainty that our program caused the observed improvements. The next logical step would be to create control or contrast groups, but some patients have only a few months to live. In those patients, withholding or replacing treatment for several months creates ethical issues. We are therefore precluded from using the usual methods-for example, wait-list controls or randomized controlled trials-to determine the unique effect of the prp. Another limitation is the lack of interim measurements. Almost 37% of the identified sample did not provide a specific reason for withdrawal. Given that the esas data were not obtained weekly in all patients, and that the ecog ps was not assessed each week, it is difficult to draw conclusions about the experiences of the patients throughout their 8 weeks in the program. Those circumstances also preclude us from contrasting the progression of symptom severity, disease status, or disease progression in patients who did and did not complete the program. Finally, patients received individual interventions specific to their individual needs and goals-that is, the interventions were not uniform. The differences might have inflated patient improvements by focusing on areas with the worst functioning, thereby allowing for the largest possible gains to be experienced. Statistically, that approach may present a potential artifact, but clinically, it is a strength. In addition it increases external validity: individualized programs are the norm in clinical practice, and such programs are likely to be patient-centered rather than uniform.
Future research directions include examining mechanisms of change that might influence patient improvements. An analysis of that kind would be useful to better understand which elements of this complex program are the most beneficial. A prepost examination of patient use of various health care services could also suggest whether patients are experiencing an improved level of functioning overall after having undergone such a program. The impact of the program in keeping patients functional for longer periods in the home setting warrants its continuation. Identifying the minimal program duration that can result in positive and sustained results will also be important; it is possible that benefits may be realized sooner than the full 8 weeks, which would have important resource implications. Social support is another important area to examine, given its support in the current literature as an important factor in both quality of life and prognosis. Finally, longitudinal follow-up to examine whether gains are maintained would better inform the evaluation of the benefits that patients are able to experience.
CONCLUSIONS
The prp offers an interprofessional holistic approach that positions the patient at the centre of an individualized program. Each discipline offers its own expertise, but collaboration and discussion between the professionals is vital so that all the interventions complement one another. The outcomes of this program appear to be reduced symptom burden; reduced interference by symptoms in daily life; and improved nutrition, physical and functional status, and overall well-being. It is expected that, through continued application of the skills acquired from the prp, patients will demonstrate reasonable maintenance of their gains, a decreased reliance on the health care system, and fewer emergency room visits. The latter hypotheses have to be tested in future studies. By affording the opportunity for rehabilitation to palliative care patients who can manage the intensity required by such a program, "living" with cancer can be a reality for many.
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